Synaptic gating is normally thought to be a mechanism for excluding synaptic input, but three recent studies show how the resting membrane potential interacts with integrative properties to act as a permissive synaptic gate.
Neuromodulatory systems can act as gatekeepers, selectively enhancing synaptic inputs [10] . There are many known examples of presynaptic receptors that enhance neurotransmitter release. For example, studies on the sea slug Aplysia californica have shown that serotonin enhances neurotransmitter release from sensory neuron terminals [11] . Recent work with a related mollusc, Tritonia diomedea, has demonstrated that serotonergic neurons intrinsic to a central pattern generator (CPG) enhance release of neurotransmitter from other members of the same circuit by acting at presynaptic G-protein-coupled receptors [12, 13] . This so-called 'intrinsic neuromodulation' can be thought of as an internal gate whereby synapses within the circuit are selectively enhanced when the circuit is in use [14] . Neurotransmitter release can also be enhanced by presynaptic ionotropic receptors, which momentarily depolarize the presynaptic terminal or allow calcium entry that facilitates release [ [6] propose mechanisms for permissive gating that are based upon the integrative electrophysiological properties of the neurons involved, rather than simply the actions of presynaptic receptors. In all three cases, the resting membrane potential has permissive gating effects on synapses that result in functional consequences for the neural networks. Although a depolarization of the membrane potential is required for these gating mechanisms, they are more complicated than simple synaptic summation.
Ivanov and Calabrese [4] found that spike-mediated synaptic release in leech heart interneurons can be permissively gated by membrane potential oscillations acting on low threshold Ca 2+ channels. The low threshold Ca 2+ channels in the presynaptic neuron cause a background level of intracellular Ca 2+ that determines whether an action potential will evoke an inhibitory postsynaptic current (IPSC) in the postsynaptic neuron. Calcium imaging showed that the rise in intracellular Ca 2+ was correlated with the rise in synaptic strength ( Figure 1A) . Furthermore, uncaging a Ca 2+ chelator or Ca 2+ itself showed that the rise in intracellular Ca 2+ was both necessary and sufficient for the membrane potential depolarization to increase synaptic strength. Thus, when the membrane potential of the neuron is sitting at rest, action potentials are ineffective at causing transmitter release; the synapses must be permissively gated by voltage to be effective.
The function of the permissive gating examined by Ivanov and Calabrese [4] appears to be related to the pattern-generating role of the neurons, which form a half-center oscillator as part of the leech heartbeat CPG. The mechanism assures that spikes occurring outside of the correct heartbeat phase will be ineffective. But more importantly, the efficacy of the synapse will be controlled by the very low threshold Ca 2+ channels that play a critical role in setting the strength and duration of the depolarizing phase of the oscillation [17] . Thus, the gating mechanism elegantly matches the synaptic strength to the phase of the cycle at which it would be most advantageous to inhibit the postsynaptic partner in the half-center oscillator.
A different role for voltage regulation of spikemediated synaptic transmission was uncovered by Evans et al. [5] examining synapses made by a mechanoafferent in Aplysia. The neuron, known as B21, fires action potentials in response to mechanical stimulation of a mouthpart tissue [18] . It was previously observed that, if the membrane potential of B21 is at rest when the neuron is activated by a sensory stimulus, then it fails to evoke a postsynaptic potential in a follower neuron, but if the membrane potential of B21 is depolarized from rest by current injection into the soma or by synaptic input, then the synapse is unsilenced [18, 19] (Figure 1B) . The mechanism underlying this permissive gating of B21 synaptic output is based on the failure of action potentials to invade central axon branches; depolarization of the cell soma relieves the conduction block and allows the action potential to invade the synaptic output region of the neuron [5] (Figure 1B) .
As in the case of the leech heartbeat interneurons, the membrane potential of B21 in Aplysia is rhythmically depolarized at a particular phase of a rhythmic motor behavior. In this case, B29 is depolarized as a result of synaptic excitation by interneurons in the feeding CPG. Thus, the feeding motor pattern permissively gates sensory input through B21; mechanosensory input would be effective at evoking a postsynaptic potential only during a particular phase of the motor pattern. A computer simulation study suggests that the mechanism underlying the recruitment of unstimulated sensory axons is related to the voltage-sensitivity and kinetics of rectifying electrical connections to LG [6] ; current flows antidromically from the depolarized LG to the afferents, and at the same time the rectifying electrical synapses are back-biased, effectively increasing the input resistance of the afferents and making it easier for them to be recruited by neighboring axons. The net effect of this mechanism is that the membrane potential of LG determines whether mechanosensory input will effectively excite LG and elicit a tailflip response. Thus, LG gates its own synaptic input by causing stimulated sensory neurons to spread excitation to other afferent axons.
Although synaptic gating is commonly understood to mean closing a gate, gates can also be opened. These three examples show that membrane potential can act through very different mechanisms to permissively gate synaptic transmission. They illustrate how important it is to understand the integrative properties of neurons rather than assume that an action potential reliably leads to neurotransmitter release. Thus, in thinking about synaptic gating, it is important to remember that while one door may close, another may open. 
